INTRODUCTION
T he failure of glaucoma surgery still remains unsolved, mainly due to the fibrosis of either the filtration channel or the embedded implants. Dozens of cytokines and signal channels have been involving in the over-proliferation process of the fibroblast in the surgical area [1] [2] . Classical fibrosis signal transduction channel, transforming growth factor beta (TGF-β)/ Smad, existed the widespread and complex crosstalk with the other intracellular signal pathways, including TGF-β/MAPK, TGF-β/PI3K/AKT, and Rho-associated coiled-coil kinase (ROCK) pathway, which commonly affected the cicatrix formation [3] [4] . The biological effect of TGF-β chiefly depends on the activation of Smad pathway. Reportedly non-Smad pathway interacted with Smad pathway. Smad pathway could activate other channels, while non-Smad channels also could modify Smad proteins. Additionally, TGF-β could directly activate non-Smad channels and thus implement its biological effect [5] . Y-27632 not only belongs to the specific selective inhibitor of ROCK pathway, but reportedly can lessen the fibrosis degrees of diverse organs [6] . According to our earlier experiments, Y-27632 significantly inhibited the cellular clone proliferation, induced the apoptosis, and inhibited the intercellular adhesion induced by lysophosphatidic acid (LPA) in ocular Tenon's fibroblasts (OTFs) [7] . In this study, OTFs in vitro were induced by exogenous LPA or TGF-β1 to simulate the postoperative microenvironment of the fibroblast. Based on the effects of Y-27632 on Smad2/3 and the alterations of the inhibitory effects of Y-27632 on α-SMA protein intervened by TGF-β1, we try to explore the interaction between the ROCK signal and TGF-β1/Smad pathway and the possible mechanisms behind the anti-proliferative effects of Y-27632 on OTFs.
MATERIALS AND METHODS Primary Culture of Ocular Tenon's Fibroblasts
The primary culture of human OTFs in vitro had been undertaken the same as before [7] . The protocol was approved by the Institutional blot had been undertaken with the former method described as before [7] . 
Design and Synthesis of Small Interference RNA-Smad2, Smad3
The primer sequences of Smad2, Smad3, and β-tubulin had been synthesized (Smad2: Forward-AATGCCACGGTAGAAATGACAAG, Reverse-ATGA AGTTCAATCCAGCAAGGAG; Smad3: Forward-GTGACCACCAGATGAACCACAGC, Reverse-TA GTAGGAGATGGAGCACCAGAAGG; β-tubulin: Forward-GAGCTGTTCAAGCGCATCTC, Reverse-TCCTCCT CGTCGTCTTCGTA). The sequence molecules of small interference RNA (siRNA) of Smad2 and Smad3 had been designed based on the secondary structures of human Smad2/3 mRNA, siRNA target finder, and the design principles of the siRNA [8] . Figure 5A , 5B). 
DISCUSSION
The small G-protein, Rho, and its downstream effector, ROCK, mediate a variety of cell functions, including smooth muscle contraction, stress fiber formation, cell contraction, adhesion, proliferation, differentiation and inflammatory responses [9] .
We here focus on the involvement of ROCK signaling in the fibrosis process of filtration channel after glaucoma surgery like trabeculectomy and its mediation to the pro-fibrosis effect of TGFβ1/Smad pathway. Y-27632, a pyridine derivative, reportedly can lessen the fibrosis degrees of the liver, lung, and kidney. Y-27632 inhibited the proliferation, the adhesion, and the migration of the stellate induced by LPA, and reversed the cytoskeletal recombination [10] ; attenuated the proliferation of airway smooth muscle cells [11] ; alleviated the early inflammatory cell infiltration and improved the mouse renal interstitial fibrosis [12] . Additionally, Y-27632 suppressed the contraction of collagen gel in human Tenon's capsule fibroblasts and caused the significant loss of collagen deposition at the sclerotic stoma area after glaucoma surgery [13] . LPA, a potent stimulating factor of fibroblast, induced radical actin fiber contraction and cellular focal adhesion [14] [15] . During the filtration and post-filtration in glaucoma, LPA in aqueous humor infiltrated into the filtration channel on account of the break-down of the blood-aqueous barrier and the aqueous circulation so that OTFs had been constantly stimulated by LPA [16] . Our experiments showed that the proliferation of OTFs, though remarkably induced by LPA, still could be suppressed by 1, 10, 100, 1000, 10 000 μmol/L Y-27632, a ten-fold concentration gradient. The cellular proliferation affected by Y-27632 dwindled with time, but increased up with the Y-27632 concentration rising up. Consequently Y-27632 concentration gradient had been adjusted from ten-fold to fivefold, 6, 30, 150, 750 μmol/L, to the next step of experiment. In addition, DMSO is a commonly used osmotic cell protective agent, but with cytotoxicity. Even at a concentration of 0.004%, DMSO had an adverse effect on cell growth. In our experiment there was no significant difference between the Blank group and the DMSO group at 24, 48 and 72h (P=0.3025, 0.050, 0.165). TGF-β1, closely associated with cicatrix, secreted into anterior chamber from plasma due to glaucomatous filtration, drained into the wounded area [17] , and then promoted local fibroblast proliferation, migration and collagen gathering [18] . The biological effect of TGF-β1 had been mainly accomplished by the activation of Smad pathway. Smad2 and Smad3, as receptors of Smads, were phosphorylated by TGF-β1. Phosphorylated Smad2/3 (p-Smad2/3) formed the trimer with Smad4, transported into nucleus, and regulated the expressions of the specific downstream genes [19] [20] [21] [22] . Expectably TGF-β1 dramatically stimulated the synthesis of Smad2/3 proteins and the phosphorylation of both Smad2 at the carboxyl terminals of Ser245/250/255 and Smad3 at the carboxyl terminals of Ser423/425/203 in our experiment. In the human skin fibroblasts Smad3 advanced the synthesis of collagen I [23] .
After siRNA-Smad3 transfected the fibroblasts of cheloids, fibronectin and collagen I decreased [24] . Additionally, ROCK system belonged to the essential signaling transduction system which regulated fibroblast into myofibroblast and involved into fibroblast transformation, collagen synthesis, actin congregation and cellular migration. There seemingly existed a broad and complex crosstalk among TGF-β1/Smad pathway and intracellular Smadindependent ROCK signal pathways in different cells. In the cicatrix fibroblasts 10 μmol/L Y-27632 suppressed the overexpressions of ROCK-1 and connective tissue growth factor (CTGF) proteins promoted by TGF-β1 [25] . ROCK inactivated by pravastatin down-regulated CTGF expression in idiopathic pulmonary fibrosis [26] . Pravastatin reduced the expressions of CTGF, TGF-β1 and collagen Ia2 in intestinal smooth muscle cells. ROCK signal controlled CTGF expression in the small intestinal smooth muscle cells of chronic radiation enteritis patients [27] . In our experiment Y-27632 affected the synthesis of Smad2 and the phosphorylation of Smad3, also suppressed the positive feedback of TGF-β1 on its downstream signal molecules, Smad2, 3. Y-27632 inhibited the expressions of Smad2, 3 proteins promoted by TGF-β1, and counteracted the phosphorylation of Smad3 at the carboxyl terminus of Ser423/425/203 induced by TGF-β1. Therefore TGF-β1 induced the activation of its downstream effectors, which had been controlled by ROCK pathway [28] . On the other hand, TGF-β1/Smad pathway might also regulate ROCK signal. TGF-β1 induced the over-expressions of RhoA and ROCK-I proteins in the cicatrix fibroblasts [29] , also could promote the activation of Rho and the reorganization of actin cytoskeleton [30] . The ROCK signal channel is known to mainly count on the phosphorylation of the myosin light chain to change the actin cytoskeleton and regulate the cellular migration. The α-SMA is believably regarded as one of the main substrates for the ROCK signal channel [31] [32] [33] . The expression of α-SMA up-regulated after pulmonary fibroblasts had been transfected by Smad2 [34] . After human Tenon's capsule fibroblasts had been incubated with TGF-β1 for 48h, α-SMA peaked at 24 and 48h [4] . In conclusion, Y-27632 was verified to depress down the intracellular synthesis of Smad2 and phosphorylated Smad3, especially the induction of TGF-β1 on Smad2/3 proteins. Smad2, 3 exerted regulatory effect on α-SMA signal molecule. Knock-down Smad2, 3 genes could effectively down-regulated the expression of α-SMA protein. Furthermore, this down-regulation effect of α-SMA could be strengthened up by Y-27632. Therefore, we reasonably supposed that TGF-β1/ Smad2, 3 pathway and ROCK signaling interacted with each other through the α-SMA target in the scarring process of filtration channel after glaucoma surgery.
